decision makers. However, there are critical implications or challenges that underlie assumptions that data is -or possibly could be -the (or even a) primary input to decision-making. Like any policymaking process, cities rely on a variety of inputs to formulate and decide on policies. In addition to data (including expert reports and sometimes scientific committees) decision-makers are keenly aware of election cycles and the availability of financial resources. We push back against any remaining notions that data are a 'neutral' resource for decision-makers, indeed that data removes political considerations from the policy process, and that it is relatively easy to access and handle. Research has refuted these claims, with Kitchin et al. (2017, p. 10) demonstrating that 'urban data are always cooked and never raw', implying that data are in fact not an apolitical entity that can be tapped into by city governments. In addition, when looking at the data available to policymakers, it becomes clear that extracting usable information from data for specific policy domains is quite complex and challenging. Data is often scattered throughout departments and largely incomplete due to legal, financial or technical hurdles.
In this paper we examine and synthesize the literature around data-driven decision making for urban climate change mitigation, focusing specifically on the political dimensions of this trend. We focus on three main strains of scholarship: the rationale behind data as a policy and governance input, the politics of data as a mechanism for transparency and accountability, and the democratic implications of data-driven climate change mitigation. We conclude that there is a strong critical perspective in the literature -led in many ways by ESG scholars -that should 4 continue in combination with identifying and exploring productive ways forward for cities as data availability continues to grow.
Data as a Policy and Governance Input
Data has often been framed as a technical input to decision-making, one which presents challenges in the form of the details of data analytics and the technical infrastructure available and that ultimately enhances the capacity of city governments to develop and implement effective and efficient climate change policies. Recent research has focused on the role such data inputs play in shaping the 'smart city' or 'smart governance' by 'crafting new forms of human collaboration…to obtain better outcomes and more open governance processes' (Meijer & Bolivar 2016, 392) . In the context of urban carbon governance and smart energy systems, "low carbon transitions are increasingly being configured in relation to the notion of smart energy systems, while smart as a discourse, practice and set of interventions is also being related to the task of reconfiguring and transforming (urban) infrastructure" (Bulkeley et al. 2016 (Bulkeley et al. , 1710 Vanolo 2014) . In this section we explore these themes in two parts: the political dimensions of data for capacity building and the role of data in supporting 'smart governance' to combat the wicked problem of climate change (Levin et al. 2012) .
Data as capacity building
An important measure of decision making capacity is the ability to draw on relevant knowledge in the policymaking process (Howlett 2009; Nutley et al. 2007; 5 Pawson 2006; Sanderson 2006; Romero-Lankao 2012) . Capacity can be defined as the 'autonomy, resources and decision-making power of local authorities in relation to critical sources of GHG emissions and policy sectors, such as transport, land-use planning, infrastructure, building standards, waste and so on' (Romero-Lankao 2012, p. 20) . Another take on capacity is that of 'smart governance capacity ' (Innes & Booher 2003; Edelenbos et al. 2017) , which combines human, relational and organizational capacity. Each capacity is linked to specific activities, such as boundary spanning at individual level, developing trustworthy relationships and coordinating and communicating at organizational level. For example, the efforts of the World Council on City data to standardize data collection efforts in cities is meant to empower decision making and facilitate learning between cities (http://www.dataforcities.org/).
Capacity can apply to the capacity of civil servants to handle climate change data. This means they, for example, need a data science background or the support of IT personnel to make use of the data that is available. There is further the understanding that governmental departments require the capacity to store the data and share it based on inter-departmental agreements and privacy regulations.
This implies that local departments know which data they collect, how they are stored (e.g. which format), and how and when they are allowed to share them with other (government) entities. Some cities decide on a one-off sharing model, where data is shared while a specific project is ongoing, but not before or after. This limits the time that shared data are available. Due to privacy regulations, some cities also decide to collect data from scratch together with, for example, energy companies, in 6 order to gain full access to consumption data (Giest 2017). Finally, capacity applies to the technical capacity to store large amounts of data. For example, the data management and architecture of the city as a whole as well as individual government departments affect the way data can be utilized.
In these scenarios, government has the supply-side data, such as the location of roads or public transport schedules, and demand-side data is generated via cellphones or GPS trackers in real-time. Combining the two to deliver public services in cities is however a challenge. As Tomer & Shivaram (2017) find, based on interviews with U.S. public servants, 'public agencies simply do not have enough data scientists on staff or senior management experience to navigate a complete transition to big data platforms' (Ibid, 9). Local governments lack data standards and data exchange policies as well as the hardware to deal with these new types of data. In short, they lack the technical and skill capacity to deal with new types of data. Finally, this conceptualization of capacity is developed on the premise that there is a vast amount of data available to cities. This might not always be the case, especially if urban areas are smaller and they rely on the regional or national government to collect some of the environmental data (Giest 2017).
To summarize, local capacity is seen to be critical to developing an urban response to climate change (Anguelovsky & Carmin 2011; Romero-Lankao 2012) .
For example, local governments have the ability to guide carbon emission reduction, due to the authority over land use, buildings, etc., but they are dependent on financial resources from national level. In addition, when governments experience low levels of data skills they risk incorporating scientific knowledge ineffectively into the decision-making process (Howlett 2009). For urban climate information in particular, sophisticated climate change models give additional input for mitigation, but the models also add information that might expose decision-makers to irrelevant information and lead to prolonged administrative processes (Trenberth 2010; Larson et al. 2015; Höchtl et al. 2016) . The focus on gathering and archiving data has, in turn, limiting effects on building capacity. Costly data management linked to carbon emission reduction can thus pose a bottleneck for implementing and integrating climate change initiatives (French et al. 2015) .
Data as smart governance
Various scholars describe climate change as a so-called 'wicked' problem (Rittel & Weber 1973; Head & Halford 2015) . Wicked is the notion that adverse social and environmental situations 'overwhelm existing practices and persist even after the application of best-known practice' (FitzGibbon & Mensah 2012, 1) . This describes a complex context in which there are dynamic and evolving issues and stakeholders do not necessarily agree on what the problem is or how to resolve it (Rittel & Weber 1973) . Some commentators and scholars have argued that the use of data would be a way to overcome some of the challenges linked to the complexities of urban governance and climate change.
The smart city movement in particular identifies the incorporation of technology and data as a way to identify and solve more problems effectively.
Decision makers have the potential to be less reactive and more proactive through the use of large datasets and predictive analytics (Goldsmith and Crawford 2014) .
Data can provide new perspective on the temporal and spatial dimensions of urban systems and processes (Batty 2016) . The smart city concept treats cities as a set of manageable systems that behave in rational, mechanical, linear and hierarchical ways and can, based on this, be steered and controlled (Kitchin 2017) . This goes beyond making sense of the status quo of a city; it also includes predicting and simulating future scenarios. The 'smart governance' perspective, one element of the larger smart city approach, further looks at the inner workings of city governments.
It takes on a citizen or user-centered perspective and highlights the connections made within governments to provide certain services (Kourtit et al. 2012) . "The idea of collaborations is more central to this approach and authors focus on developing productive interactions between networks of urban actors (Meijer & Bolivar 2016, 397) ." City dashboards are one example for the move towards smart governance.
Those applications allow local governments to display various types of data for the work of civil servants in one location. They include administrative data as well as statistical data from national institutions. In addition, such dashboards contain scientific data on environmental conditions, such as pollution or noise, crowdsourced data by citizens and social media data (Kitchin & McArdle 2017) . Whereas these applications provide an overview of the status of city operations in a centralized way, they also act as translators for the original data. Policymakers acting on this information therefore run the risk of deciding based on ideologically framed and political information (Kitchin et al. 2016; Kitchin & McArdle 2017 ).
In addition, each policy domain, such as, environment, energy, water or waste is itself complex and often governed in silos. This makes it difficult to actually implement a centralized dashboard. Christchurch in New Zealand, for example put in place the 'SensingCity' project, which placed sensors across the city in order to gather data about the environment, including traffic, air or water quality. This was a widely-recognized pilot for future smart city applications. The project was, however, Another critique of the smart city research is that local governments are part of a multi-level system in which their decision-making power and access to data might be constrained by higher levels of authority at national or transnational level (Edelenbos et al. 2017 ). In fact, as Kitchin (2017) points out, "data are the product of complex socio-technical assemblages that are framed and shaped by a range of technical, social, economic and political forces" (p. 50).
In short, the complexity that many of the smart initiatives want to escape from by focusing on data-and technology-driven solutions further complicate urban governance due to potentially profound consequences or the demand for additional stakeholders or knowledge. This is what Levin et al. (2012) termed a 'super wicked problem', where not only the urban issues are complicated and multifaceted, but also the solutions are unstandardized and highly experimental (Edelenbos et al. 2017) . Linking this back to capacity, these complexities require cities to focus on setting up partnerships with stakeholders and integrating data infrastructures, which results in paying limited attention to the internal capacity to utilize data within government (Giest 2017).
To summarize, recent research has become more critical of big data and the smart city and smart governance movement. The literature also increasingly focuses on the political and social dimensions of these new technologies. Two common themes that emerge from more recent publications are the capacity of government to utilize big data for urban measures and the problem of addressing a wicked problem with a complex solution. Data-driven urbanism provides a solution for some urban problems, but only within certain limitations (Kitchin et al. 2017 ).
Tackling climate change requires the combination of data sources and the collaboration of various government departments. The danger in the data-driven urban governance perspective is thereby twofold: First, the breakdown of the city into technical and infrastructural elements is seen as a full picture of urban life (de Waal 2017), and, second, that cities make decisions based on data that is not fully vetted for their potential social and political consequences.
The Politics of Data as a Mechanism for Transparency and Accountability
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In addition to emphasizing the role of data in building capacity and smart governance, research has highlighted the ability of data to serve as a mechanism for enhancing transparency and accountability in municipal decision-making processes.
As in the case of capacity and opportunity building, however, using data toward such ends is not a politically neutral undertaking and brings the potential to marginalize those issues and stakeholders not captured by relevant datasets.
Evaluating data-driven decision making from the perspective of transparency and accountability shifts the conversation from decision making to broader processes and patterns of urban governance and the relationship between city governments, external stakeholders, the private sector, and urban residents.
Data-driven decision making for climate change mitigation has the potential to improve the transparency and accountability of city governments, provide concrete metrics by which voters and stakeholders can evaluate services and other performance measures and, therefore, their satisfaction with municipal leaders and programs. For cities, "the language and practices of accountability are increasingly rendered as numerical data so as to underwrite claims to efficacy, authority, and legitimacy, and to illustrate the extent to which cities can, and do, matter" (Gordon 2016, p. 95) . Publicly available data and accounting methods can empower the public and other watchdogs to hold governments accountable for their emissions reduction targets and other climate change goals. Programs like energy use benchmarking, adopted by more than a dozen U.S. cities including New York City and Los Angeles, help to highlight major energy users in the city, providing an additional pathway for accountability (Cox, Brown, and Sun 2013) . Indeed, many of the original advocates for data-driven decision making underscored its ability to provide an objective means by which to evaluate programs and policies (Goldsmith and Crawford 2014) . However, there are several ways in which mobilizing data as a means of enhancing accountability and transparency is an inherently political undertaking.
Politics of Accountability
First, the metrics used for accountability often have very little to do with environmental outcomes and more to do with a city's interest in maintaining legitimacy and authority (Kramarz and Park 2016, 2017; Gordon 2016) .
Highlighting the discrepancy between the rise of accountability mechanisms in environmental governance and continuing environmental deterioration, Kramarz and Park (2016) point out that both the design of accountability institutions and the execution of interventions are important -otherwise, "authority holders can be held to account for their actions without necessarily mitigating negative environmental impacts." Accountability has to be applied to both tiers, as they are intrinsically linked. However, the metrics by which decision makers are held accountablewhether reductions in GHG emissions, number of new programs initiated, or kWh of electricity saved, reflect particular logics of accountability. Kramarz and Park (2016) distinguish between public logics, defined as an interest in maintaining voter support and re-election; private logics, the interest in maintaining the confidence and support of the private sector and other sources of investment; and voluntary logics, or a kind of moral response to social rules and expectations for city government. Gordon (2016) also distinguishes between external and internal logics of accountability, in which cities may seek to be accountable to higher levels of government, transnational organizations, private investors, or financial institutions (external) or internally to citizens or the networks they participate in.
Furthermore, the use of carbon and GHG emissions measurement and reporting tools by cities and other actors has been steadily increasing despite the relative lack of policy action. Knox-Hayes and Levy (2011) Second, city governments are increasingly interested in being held globally accountable for climate change mitigation and data have played an important role in facilitating or structuring this accountability (Gordon, 2016) . Using the example of the C40 city network, Gordon (2016) identifies three important sites in the politics of metrics-driven accountability. The first is an interest in using transparency and reporting as a means for securing external recognition from investors and higher levels of government. The second is using transparency and reporting systems as a tool of governance and a claim to power; they help to demonstrate the effectiveness and compliance of cities, reflecting the popular C40/Bloomberg mantra, "if you don't measure it, you can't manage it." He gives the example of the World Bank linking city leadership and recognition to the need for quantification, standardization, and transparency.
Third, in deciding what metrics are used as measures of accountability particular interests, priorities, and collective goals become embedded in the institutional infrastructure. A common theme in this work is the notion that the construction of data-driven accountability tools is itself a political act and determines who cities are accountable to and what they are ultimately accountable for achieving. When accountability systems are shaped by political or private logics, or externally oriented, they have the potential to undermine public values and environmental outcomes. While data-centered accountability is typically conceived of as an important tool for transparency and public accessibility (Goldsmith and Crawford 2014), the institution building around accountability and reporting schemes determines the extent to which this is true. As Kitchin et al. (2015) point out using the example of benchmarking and dashboards, "whilst these initiatives often seek to make urban processes and performance more transparent and to improve decision making, they are also underpinned by a naive instrumental rationality, are open to manipulation by vested interests, and suffer from often 15 unacknowledged methodological and technical issues." Issues can be marginalized that aren't quantifiable or included in datasets, making it difficult for constituents to hold city governments accountable for the issues they care about. Kersbergen and Van Waarden (2004, 162) warn: "it is unclear who has enough counter-expertise to control the experts."
The metrics used by the C40 reflect an interest in demonstrating cities as attractive sites for investment rather than the social imperatives of reducing GHG emissions. For example, highlighting efficiencies and demonstrating GHG emissions reductions can help attract investors. Gordon highlights a recent Price Waterhouse Coopers report entitled "Investor Ready Cities," which lists transparency "as an essential factor driving the ability of cities to secure access to private capital and much-needed investment." In this way, accountability metrics can have more or less to do with community and local concerns and while "city-networks like the C40 may be contesting the who of global climate governance, but in seeking recognition through practices of external accountability they remain firmly embedded in reproducing the prioritization of economic over environmental objectives (Gordon 2016 )." Finally, data interpretation can also be subject to particular logics and rationalities, as "much of this (data) is unstructured in that no order on its collection is usually imposed and the analyst must either discover this order or impose it from prior conceptions as reflected in other data and/or theory" (Batty 2016 ). Data availability can also limit the means for accountability, as data that is useful for 16 marketing and advertising can be prohibitively expensive and not available for "problems involving the common good" (Batty 2016 ).
These accountability issues also point towards democratic elements linked to the use of data in the urban climate change context. This has to do with the limited transparency in the use of urban data, such as the motivations behind utilizing certain datasets over others and the goals that are being pursued by doing so. The following section asks who is being included and excluded in this process and what the implications for data-driven climate change mitigation in cities are.
Democratic Implications of Data-Driven Climate Change Mitigation
Data-driven urban climate change mitigation has important implications for democratic urban governance. On one hand, data can empower non-state actors to act or to demand new things from the state as they gain access to new data or novel opportunities to engage in the governance of low carbon transitions. On the other hand, data can also disempower those who are not counted, who are misrepresented, or who lack access to data streams. The political nature of data means that it empowers actors unevenly, which raises essential questions of responsibility and justice for urban climate change governance.
The empowerment/disempowerment tension of data-driven climate change mitigation links to broader work interrogating the role of democracy in sustainability transitions. While the roots of sustainable development intertwine with considerations of democracy, in some places democratic struggle has been overlooked and replaced with a focus on metrics and outcomes (Stirling, 2015) . This narrowed focus can lead to technical processes of transition with a limited scope, as opposed to broad transformation of both social practices and technologies that involve "diverse, emergent and unruly political re-alignments" (Stirling, 2015: 54) .
Critical scholarship has called for renewed attention to the connections between democracy and sustainability transitions, including through arguments about the constitution of a democratic "green state" (Eckersley, 2004) , the rise of "stakeholder democracy" in global governance, (Backstrand, 2016) and critiques of the sociotechnical transitions literature (Meadowcroft, 2009; Shove & Walker, 2007) .
Similarly, scholars have called for closer attention to the power relations and social justice implications of urban climate governance (Bulkeley, Castan Broto, & Edwards, 2015; Bulkeley, Edwards, & Fuller, 2014; Cohen, 2017) . Considering these critiques, data-driven climate change mitigation presents opportunities to both empower new agents and engender disempowerment in several forms.
Empowering Agents
Climate change mitigation sometimes requires new information about urban infrastructure that has not been available in the past. These new streams of data can allow incumbent actors to address challenges posed by climate change. For instance, big data analytics and smart city technologies in the hands of utilities and electricity grid operators can support the increased integration of renewable energy sources (Zhou, Fu, & Yang, 2016) . Beyond incumbent actors, data-driven climate change mitigation can also empower new agents not previously engaged in urban climate governance by creating new sources of carbon and energy use data. As we have noted, building energy use benchmarking programs have recently been established in cities like San Francisco (San Francisco, 2013) and New York City (New York City, 2014) that require large building owners to report on energy use, conduct energy audits and release the data publicly. Energy use by buildings is one large source of urban greenhouse gas emission and, although the obduracy of the built environment makes retrofit a difficult task, there is a growing trend to try to influence energy use in the built environment by collecting and disseminating benchmarking data.
Building owners, the public, and the private sector can access the data to try to drive building energy efficiency retrofits.
In addition, new agents may be empowered to mitigate climate change by gaining access to existing climate and energy data that has been unlocked. As an example, open data movements have called for data on energy use to be released in order to broaden access to data on patterns of energy consumption with the intention of enabling energy efficiency. Traditionally this information has been restricted to energy utilities that are usually structurally disincentivized from pursuing energy efficiency. In the US, the Green Button Initiative responds to a "callto-action to provide utility customers with easy and secure access to their energy usage information in a consumer-friendly and computer-friendly format for electricity, natural gas, and water usage" (Green Button Alliance, 2017). The data can also be made available to third parties to develop technologies and applications targeting increased energy efficiency in households, although there are critiques of the technocentric approach of many of these initiatives (Bickerstaff, Hinton, & Bulkeley, 2016) . Similarly, movements to open up access to broad types of urban planning data have created new ways to enable agents through opportunities like
hackathons. An increasingly popular format, hackathons gather participants in a shared space to try to find ways to make big data useable or to brainstorm new ways to collect urban data (Lodato & DiSalvo, 2016) .
New urban actors can also be empowered by data-driven climate change mitigation through opportunities for broad participation. The development of urban greenhouse gas emission inventories and local climate action plans often incorporate consultation or participation of stakeholders including citizens, NGOs, and private sector representatives. In Oxford, an initiative launched in 2010 called Low Carbon Oxford created a city-wide programme of collaboration across private, public and non-profit sectors (Low Carbon Oxford, 2012). Instead of using national datasets for carbon emissions -the traditional approach for local greenhouse gas emission inventory compilation -the initiative worked with 29 organizations that represented a large proportion of Oxford City's carbon emitters to both gain data about actual local emissions and to help the organizations reduce their carbon emissions (Giest, 2017).
Data-driven climate change mitigation can empower agents by collecting new pools of data to enable urban climate responses, by putting existing climate and energy data into the hands of new actors, and by creating venues for broad participation in urban climate governance. Despite the democratic openings identified in this section, however, patterns of disempowerment in data-driven urban climate change mitigation practices raise concerning implications for democratic struggle.
Disempowerment in Many Forms
Three key implications for disempowerment can be drawn from common practices related to urban carbon calculation that are common practice in data- (Bulkeley, 2013; Rice, 2014) . In Portland, for example, the local climate response plan emphasizes energy efficiency in order to enhance the political palatability of the response strategy (Rutland & Aylett, 2008) . Not only is the GHG emission impact of this strategy questionable since energy efficiency is not the same thing as reducing energy consumption, but the result of this emphasis is empowerment to do some things and not others. Citizens are not encouraged to lobby polluting industries, but, instead, are encouraged to invest in home insulation (Rutland & Aylett, 2008) . As this example shows, data is often deployed in GHG inventories and local climate action plans to justify technological solutions instead of identifying the need to tackle capitalist urbanization as a cause of the problem (Rice, 2014).
Third, carbon calculations also frequently have a homogenizing effect on urban populations, with implications for justice and equity. Carbon footprints are one common way of representing responsibility for greenhouse gas emissions, but they distribute responsibility for climate action evenly across urban populations (Fuller, 2017) . These carbon calculation practices homogenize urban citizens under a veneer of apolitical data even though spatial and demographic variation in GHG emissions is well documented (Jones & Kammen, 2011; Kennedy, Krahn, & Krogman, 2013) . As Rice (2014) puts it, "urban carbon governance erases importance aspects of social and spatial difference among carbon emitter". For an example of the lived experience, consider Hong Kong. The per capita carbon 22 footprint of Hong Kong makes up around 60% of the city's total ecological footprint (WWF Hong Kong, 2013) . Despite the fact that wealth disparity in Hong Kong is one of the highest in the world, the carbon footprint calculations are based on the idea of universal overconsumption (Fuller, 2017) . The framing of collective responsibility leads to a collective target -a 10% per capita reduction in each citizen's carbon footprint (Fuller, 2017 ). Fuller's (2017) research in Shek Kip Mei in Hong Kong found that 50% of households had an uncomfortable indoor air temperature (above 30 degrees Celsius) because they did not have access to or could not afford air conditioning. Considering these circumstances of poverty, the idea of holding all Hong Kong citizens to a requirement to reduce emissions by 10% seems unjust (Fuller, 2017) . In considering the future of urban carbon calculation, therefore, there is a critical need to interrogate the "moral and political values at the heart of such calculative devices" (Fuller, 2017) .
Finally, there are democratic implications tied to issues of access and control over data. There are concerning implications for democracy when private corporations have control over data that is essential to public policy and urban governance, which is familiar terrain in smart cities debates. Concerns have been raised about the involvement of corporations in smart city initiatives and the resulting influence of corporate interests on urban governance (Kitchin, 2013; Townsend, 2013) and, in addition, data related to urban climate change mitigation can have sensitive ethical and political implications (Batty, 2016; Kitchin, 2015) . As we have previously stated, smart city rhetoric tends to present a technocentric and apolitical vision for cities where flows of data enable low carbon and sustainability transitions, while issues such as "panoptic surveillance, technocratic and corporate forms of governance, technological lock-ins, profiling and social sorting, anticipatory governance, control creep, the hollowing out of state provided services, widening inequalities and dispossession of land and livelihoods" remain untouched (Kitchin, 2015) . Recently, smart city vendors have altered their discursive presentation of smart city solutions to include citizen empowerment in the attempt to envelop detractors without affecting capital accumulation goals (Kitchin, 2015) .
In summary, data-driven climate change mitigation can broaden the availability of data sources that are essential ingredients for urban climate response.
Related practices like local greenhouse gas emission inventories and action plans can create democratic openings for broader community participation in urban climate governance. However, the responsibilization of individuals, the erasure of social and spatial differences in carbon emissions, and issues of data control and the corporatization of climate action have concerning implications for democracy and social justice in data-driven urban climate change mitigation.
Discussion and Conclusion
Using data for urban climate change mitigation is a complex and challenging process. Scholars have raised concerns about the political implications of datadriven mitigation, from initial data collection to its use in decision-making. Whereas the technical side of this undertaking -collecting and incorporating larger amounts and new kinds of data -may on the surface appear straightforward, recent research raises critical points linked to simplified accounts of policymaking, accountability and democratic implications. When it comes to urban climate change mitigation, there are rarely mechanisms in place to encourage carbon management that meets progressive social goals (While et al., 2010) . It is therefore important to consider the ways data can be either a tool for empowerment or disempowerment depending on its deployment. As Zook (2017) warns, we 'must ever be mindful that metrics don't simply measure; in the process of deciding what is important and possible to measure, these data are simultaneously defining what cities are'. Earth System Governance scholars have played a particularly important role in highlighting the lack of political neutrality in the move toward data-driven climate change mitigation (e.g., Gordon 2016; Kramarz and Park 2016; Bulkeley et al. 2011 ).
In addition to ongoing critical research related to the politics of data-driven urban climate change mitigation we highlight two particular areas of inquiry that are important for scholarship and practice going forward.
First, future research should delve more deeply into identifying who is responsible for the various dimensions of data collection, storage, and use in cities; the actors implicated in these systems and their interests, resources, and strategies. This goes beyond the legal implications of data sharing, towards the more subtle implications of what it means to use certain types of data over others and the inclusion and exclusion that follows. As our review illustrates, the question of who has control over data remains an important consideration for democratic urban governance. For example Kramarz and Park (2016) highlight the importance of "linking the goals of actors to the design of environmental institutions," and thereby moving toward ways of using data less as a policing resource for accountability and 25 more for spurring environmental action. We urge future research to examine the asymmetries that exist in the data and how that affects the work of city governments and urban residents.
Second, critiques of data-driven urban climate change mitigation should begin to more toward identifying productive ways forward for cities as they navigate the emerging, complex terrain of "big data" and "smart cities" (Shelton 2017). The demand for data-driven decision making is not likely to lesson, and there are genuine advantages to be had from the availability of new and more information. Research can contribute better understanding of when and how more data contributes to better decision making, progressive practices for data collection and use in cities, and the means by which the data-driven city movement can be used to enhance social and economic equity. The data-driven movement holds potential and promise for cities if harnessed for progressive aims.
